INTRODUCTION
Hepatitis B virus (HBV) is an enveloped virus associated with significant morbidity and mortality (1, 2) . HBV causes both acute and chronic liver disease. Chronic HBV infection is associated with liver cirrhosis and hepatocellular carcinoma (3, 4) . It is estimated that there are ∼300 000 000 chronic HBV carriers in the world. Current therapeutic interventions often fail to resolve the viral infection although they can improve the prognosis of the patients (5) (6) (7) (8) . A widely used therapeutic intervention is treatment with interferon α (IFNα) (6) (7) (8) (9) (10) (11) . IFNα therapy can reduce viral replication and liver damage associated with viral infection. The mechanisms of action of IFNα responsible for the improvement in the patients' condition are poorly defined.
The genome of HBV is a partially double-stranded circular 3.2 kb DNA molecule. The DNA genome of the virus is transcribed in the nucleus of the hepatocyte to produce the 3.5, 2.4, 2.1 and 0.7 kb viral transcripts (2, 12) . The level of these transcripts are regulated by the enhancer 2/core promoter, the large surface antigen promoter, the major surface antigen promoter and the enhancer 1/X gene promoter, respectively (13) (14) (15) . The 3.5 kb pregenomic HBV transcript encodes the viral polymerase and the nucleocapsid or core polypeptide (16) . The HBV polymerase binds to the packaging sequence (ε) in the pregenomic RNA and this complex is encapsidated by core polypeptides to form an immature viral capsid (17) (18) (19) . The reverse transcriptase/DNA polymerase activity of the viral polymerase converts the pregenomic RNA into the partially double-stranded DNA genome present in the mature capsid (20) . The mature capsid interacts with the surface antigen polypeptides and subsequently buds into the lumen of the endoplasmic reticulum as a virus particle (21-23). Virions pass through the endoplasmic reticulum and Golgi apparatus prior to release from hepatocytes (12) .
As the pregenomic RNA is the substrate for the generation of viral DNA replication intermediates, it is apparent that regulation of HBV transcription can directly influence synthesis of the virus (24). The presence of a sequence element in the enhancer 1/X gene promoter region with homology to an interferon-stimulated response element (ISRE) and an interferon regulatory element (IRE) suggested that IFNα might directly regulate HBV transcription and, consequently, HBV replication (25-29). The relationship between IFNα and the activation of transcription mediated through ISRE/IRE sequences is complex. IFNα binds to the type 1 interferon receptor and activates the latent signal transducer and activator of transcription 1 (STAT1), STAT2 and interferon regulatory factor (IRF)9/p48/ISGF3γ, which form a trimeric complex, the interferon-stimulated gene factor 3 (ISGF3). ISGF3 translocates into the nucleus where it binds to ISRE sequences and directly activates transcription of interferon-stimulated genes (ISG) (30). One of the target genes for ISGF3 is IRF7 (31). In addition, IFNβ has been shown to stimulate IRF1 and IRF2 expression (32). Therefore, IFNα/β can indirectly activate transcription of genes possessing IRE sequences in their enhancers and promoters. However, the similarity in the consensus sequences for ISGF3 and IRF binding can make it difficult to establish the relative importance of these transcription factors for transcriptional activation from promoters containing ISRE/IRE sequences (26, 28, 29) .
Initial analysis suggested that IRF9/p48/ISGF3γ was involved in the IFNα-induced suppression of HBV enhancer 1 activity (25). However, further studies suggested that IFNα suppressed viral replication by an indirect mechanism that did not involve the ISRE/IRE sequence in the HBV enhancer 1 region *To whom correspondence should be addressed. Tel: +1 858 784 8097; Fax: +1 858 784 2513; Email: mclach@scripps.edu (27) . In this study the functional properties of the HBV ISRE/IRE sequence in the enhancer 1 region were further characterized in cell culture. In the context of a minimal promoter, the HBV IRSE/IRE sequence was shown to mediate ISGF3-and IRF-mediated activation of transcription. In contrast, in the context of the viral genome, the HBV ISRE/IRE sequence was unable to mediate IFNα-or IRF-dependent modulation of transcription. This suggests that if HBV transcription and replication are directly regulated by IFNα and IRFs modulating enhancer 1 activity during a viral infection, this situation has not yet been reproduced in cell culture.
MATERIALS AND METHODS

Plasmid constructs
The steps in cloning of the plasmid constructs used in the transfection experiments were performed by standard techniques (33). HBV DNA sequences in these constructs were derived from plasmid pCP10, which contains two copies of the HBV genome (subtype ayw) cloned into the EcoRI site of pBR322 (34). The firefly luciferase (LUC) reporter gene in these constructs was derived from plasmid p19DLUC (35). pHBVTATALUC was constructed by inserting a doublestranded oligonucleotide containing the large surface antigen promoter TATA-box element, produced by annealing the oligonucleotides CTATATTATATAAGAGAGAAGCT and TCTCTCTTATATAATATAGGTAC (spanning HBV coordinates 2773-2791), into the SacI and KpnI sites of p19DLUC in the same orientation as the TATA-box element occurs in the HBV genome (36) . XpIRE(1)TATALUC, XpIRE(4)TATALUC, XpIREmut(4)TATALUC and ISG15-ISRE(3)TATALUC were made by inserting one to four copies (as indicated in the construct designation) of the XpIRE, XpIREmut and ISG15-ISRE double-stranded oligonucleotides into the unique SalI site of pHBVTATALUC. The oligonucleotide pairs used to generate the XpIRE, XpIREmut and ISG15-ISRE doublestranded oligonucleotides were TCGAGCAGGCTTTCACTT-TCTCGC and TCGAGCGAGAAAGTGAAAGCCTGC (oligo XpIRE, HBV nucleotide coordinates 1084-1104), TCGAGCAGGCcTTtACcTTCTCGC and TCGAGCGAGAAgGTaAAg-GCCTGC (oligo XpIREmut, mutated nucleotides in the HBV ISRE/IRE are indicated in lower case) and TCGAGCCTCGGG-AAAGGGAAACCGAAACTGAA and TCGATTCAGTTTCG-GTTTCCCTTTCCCGAGGC (oligo ISG15-ISRE, nucleotide sequence located between position -119 and -92 of the ISG15 promoter). The XpIRE double-stranded oligonucleotide spans the HBV enhancer 1/X gene promoter IRF-binding site ( Fig. 1A ; 25,27). The ISG15-ISRE double-stranded oligonucleotide spans the ISRE of interferon-stimulated gene 15 (ISG15) (37, 38) . The luciferase reporter gene constructs, ISG54LUC and p[(AAGTGA)4]5tk∆(-39)lucter, have been described previously (39, 40) . The ISG54LUC construct contains the hamster interferon-stimulated gene 54 (ISG54) promoter spanning -429 and +31 and controlling the level of expression of the luciferase reporter gene (39) . The p[(AAGTGA)4]5tk∆(-39)lucter construct contains five copies of a synthetic IRE upstream of the herpes simplex virus minimal thymidine kinase promoter regulating the level of expression of the luciferase reporter gene (40) .
The HBV DNA (4.1 kb) construct, containing 1.3 copies of the HBV genome, includes the viral sequence from nucleotide coordinates 1072-3182 plus (Fig. 1B) . This plasmid was constructed by cloning the NsiI-BglII HBV DNA fragment (nucleotide coordinates 1072-1990) into pUC13, generating pHBV(1072-1990). Subsequently, a complete copy of the 3.2 kb viral genome linearized at the NcoI site (nucleotide coordinates 1375-3182 plus 1-1374) was cloned into the unique NcoI site (HBV nucleotide coordinate 1374) of pHBV(1072-1990), generating the HBV DNA (4.1 kb) construct. The plasmid 4.1IREmut was derived by introducing clustered point mutations into the ISRE/IRE of the enhancer 1/X gene promoter in the HBV DNA (4.1 kb) construct using the Chameleon doublestranded, site-directed mutagenesis kit (Stratagene Cloning Systems, La Jolla, CA) according to the manufacturer's instructions. The IREmut mutation converted the 10 nt ISRE/IRE sequence located between nucleotide coordinates 1091 and 1100 from GAAAGTGAAA to GAAgGTaAAg (Fig. 1A) but did not alter the HBV polymerase polypeptide sequence. The nucleotide substitutions introduced into the enhancer 1/X gene promoter construct were verified by dideoxynucleotide sequencing (41) . Both enhancer 1/X gene promoter regions in the terminally redundant HBV DNA (4.1 kb) construct were mutated for this analysis.
The pCMVSTAT1α, pCMVSTAT2, pCMVISGF3γ p48, pCMVIRF1, pCMVIRF2, pBPSRT1IRF3 and pCMVIRF7 vectors express STAT1, STAT2, IRF9/p48/ISGF3γ, IRF1, IRF2, IRF3 and pIRF7 polypeptides from the human STAT1, human STAT2, human IRF9/p48/ISGF3γ, human IRF1, human IRF2, mouse IRF3 and mouse IRF7 cDNAs, respectively, using the cytomegalovirus immediate early promoter (pCMV) (31,39,42).
Cells and transfections
The human hepatoma cell line HepG2 was grown in RPMI-1640 medium and 10% fetal bovine serum at 37°C in 5% CO 2 /air. Transfections using luciferase reporter gene constructs were performed as previously described (43, 44) , except that 6-well plates, containing ∼3 × 10 5 cells, were used. The transfected DNA mixture comprised 5 µg LUC plasmid and 0.25 µg pCMVβ, which served as an internal control for transfection efficiency. pCMVβ directs expression of the Escherichia coli β-galactosidase (β-gal) gene using the cytomegalovirus (CMV) immediate early promoter (Clontech Laboratories, Palo Alto, CA). When appropriate, the DNA mixture also included 0.5 µg STAT1, STAT2, IRF9/p48/ISGF3γ, IRF1, IRF2, IRF3 and pIRF7 expression vectors, pCMVSTAT1α, pCMVSTAT2, pCMVISGF3γ p48, pCMVIRF1, pCMVIRF2, pBPSRT1IRF3 and pCMVIRF7, respectively, or the control expression vector, pCMV (45) . The DNA was removed 4-6 h after transfection and washed with 2 ml of medium. Fresh RPMI medium containing recombinant human IFNα (PBL Biomedical Laboratories, New Brunswick, NJ) at a final concentration of 1000 U/ml replaced the standard medium as required 10 h prior to harvesting cells. Serum-free DMEM containing poly(I)·poly(C) (Fluka Chemical Corp., NY) and DEAE-dextran at final concentrations of 10 and 500 µg/ml, respectively, replaced the standard medium as required 10 h prior to harvesting cells. After 1 h the serum-free medium containing poly(I)·poly(C) was replaced with RPMI-1640 medium containing 10% fetal bovine serum. Cell extracts were prepared 40-48 h after transfection. Cells were lysed in 150 µl of lysis buffer (0.1 M potassium phosphate, pH 7.8, 0.2% v/v Triton X-100) and the cell debris was pelleted by centrifugation for 2 min at 13 000 r.p.m. in an Eppendorf 5417C microcentrifuge with an F45-30-11 rotor. The supernatant was assayed for luciferase activity essentially as previously described (46) and for β-galactosidase activity using a Galacto-Light kit (Tropix Inc.) as instructed by the manufacturer. The level of β-galactosidase activity observed was not specifically affected by any of the exogenously expressed transciption factors. The luciferase activities were normalized to the level of β-galactosidase activity in each transfection experiment.
Transfections for viral RNA and DNA analysis were performed as previously described (47) using 10 cm plates, containing ∼1 × 10 6 cells. DNA and RNA isolation was performed 3 days post-transfection. The transfected DNA mixture was composed of 10 µg HBV DNA (4.1 kb) plus 1.5 µg transcription factor expression vectors, pCMVIRF1, pCMVIRF2, pBPSRT1IRF3 and pCMVIRF7 (39, 42) . Controls were derived from cells transfected with HBV DNA (4.1 kb) and the pCMV expression vector lacking a transcription factor cDNA insert (45) . Fresh RPMI medium containing recombinant human IFNα (PBL Biomedical Laboratories) at a final concentration of 1000 U/ml replaced the standard medium as required 10 h prior to harvesting cells.
Characterization of HBV transcripts and viral replication intermediates
Transfected cells from a single plate were divided equally and used for the preparation of total cellular RNA and viral DNA replication intermediates as described previously (48), with minor modifications. For RNA isolation (49) the cells were lysed in 1.8 ml of 25 mM sodium citrate, pH 7.0, 4 M guanidinium isothiocyanate, 0.5% (v/v) sarcosyl, 0.1 M 2-mercaptoethanol. After addition of 0.18 ml of 2 M sodium acetate, pH 4.0, the lysate was extracted with 1.8 ml of watersaturated phenol plus 0.36 ml of chloroform/isoamyl alcohol (49:1). After centrifugation for 30 min at 3000 r.p.m. in a Sorval RT6000 rotor, the aqueous layer was precipitated with 1.8 ml of isopropanol. The precipitate was resuspended in 0.3 ml of 25 mM sodium citrate, pH 7.0, 4 M guanidinium isothiocyanate, 0.5% (v/v) sarcosyl, 0.1 M 2-mercaptoethanol and precipitated with 0.6 ml of ethanol. After centrifugation for 20 min at 14 000 r.p.m. in an Eppendorf 5417C microcentrifuge with an F45-30-11 rotor, the precipitate was resuspended in 0.3 ml of 10 mM Tris-HCl, pH 8.0, 5 mM EDTA, 0.1% (w/v) sodium lauryl sulfate and precipitated with 45 µl of 2 M sodium acetate plus 0.7 ml of ethanol.
For the isolation of viral DNA replication intermediates the cells were lysed in 0.4 ml of 100 mM Tris-HCl, pH 8.0, 0.2% (v/v) NP40. The lysate was centrifuged for 1 min at 14 000 r.p.m. in an Eppendorf 5417C microcentrifuge with an F45-30-11 rotor to pellet the nuclei. The supernatant was adjusted to 6.75 mM magnesium acetate plus 200 µg/ml DNase I and incubated for 1 h at 37°C to remove the transfected plasmid DNA. The supernatant was readjusted to 100 mM NaCl, 10 mM EDTA, 0.8% (w/v) sodium lauryl sulfate, 1.6 mg/ml pronase and incubated for an additional 1 h at 37°C. The supernatant was extracted twice with phenol, precipitated with 2 vol of ethanol and resuspended in 100 µl of 10 mM Tris-HCl, pH 8.0, 1 mM EDTA. RNA (northern) and DNA (Southern) filter hybridization analyses were performed using 10 µg total cellular RNA and 30 µl viral DNA replication intermediates, respectively, as described (33).
RESULTS
ISGF3 and IFNα activate transcription through the HBV enhancer 1 ISRE/IRE sequence in the context of a minimal promoter
The enhancer 1/X gene promoter ISRE/IRE sequence (Fig. 1A) was examined in the context of a minimal TATA-box element located upstream of the luciferase open reading frame (Fig. 2) . These synthetic promoter constructs were tested for their transcriptional activity in the HepG2 cell line in the absence or presence of ectopic expression of STAT1, STAT2 and IRF9/ p48/ISGF3γ, which constitute the ISGF3 transcription factor. The level of transcription from the minimal promoter construct XpIRE(4)TATALUC, containing four copies of the enhancer 1/ X gene promoter ISRE/IRE sequence, increased 4.7-fold in the presence of ectopic expression of ISGF3 (ratio of relative activities from Fig. 2, 1 .21/0.26). Similarly, IFNα treatment, which activates endogenous ISGF3, increased the level of transcription from the XpIRE(4)TATALUC construct ∼9-fold (ratio of relative activities from Fig. 2, 2 .27/0.26). The combined effect of ectopic expression of ISGF3 and IFNα treatment was approximately additive and resulted in a 13-fold increase in transcription (ratio of relative activities from Fig. 2,  3 .42/0.26). Mutation of the enhancer 1/X gene promoter ISRE/IRE sequence in the construct XpIREmut(4)TATALUC completely inhibited activation of transcription from the minimal promoter by ectopic expression of ISGF3 or IFNα treatment (Fig. 2) . Poly(I)·poly(C) failed to greatly modulate transcription from the XpIRE(4)TATALUC construct, suggesting that this treatment poorly activated transcription factors, including ISGF3 and IRFs, which mediate their effects on transcription through the ISRE/IRE sequence in these cells. The single copy of the enhancer 1/X gene promoter ISRE/IRE sequence present in the XpIRE(1)TATALUC construct failed to mediate ISGF3-or IFNα-dependent transcription, indicating that in the context of a minimal promoter multiple ISRE/IRE sequences are required for activation of transcription (Fig. 2) . However, activation of transcription by ISGF3 or IFNα treatment demonstrates that the enhancer 1/X gene promoter ISRE/IRE sequence can act as an interferon-stimulated response element in the context of a minimal promoter element. The ISG54LUC, ISG15-ISRE(3)TATALUC and p[(AAGTGA)4]5tk∆(-39)lucter constructs demonstrated similar, but somewhat greater, responsiveness to ectopic expression of ISGF3 and IFNα treatment, confirming that the enhancer 1/X gene promoter ISRE/IRE sequence can act as an interferon-stimulated response element in a manner similar to previously characterized ISRE/IRE-containing promoters (37) (38) (39) (40) . These constructs also showed a 3-fold increase in transcription in response to poly(I)·poly(C) treatment, suggesting that this stimulus weakly activates transcription factors that can mediate their effects through ISRE/IRE sequences in HepG2 cells (Fig. 2) . Similar results using these was expressed by co-transfecting the expression vectors pCMVSTAT1α, pCMVSTAT2 and pCMVISGF3γ p48. The transcriptional activities are reported relative to the ISG15-ISRE(3)LUC plasmid in the absence of any expression vector or treatment and is designated as having a relative activity of 1.0. The relative activities of the ISG54LUC construct under the various conditions were divided by 10 so that all constructs could be shown using the same scale. The standard deviation of the mean is indicated by an error bar. The internal control used to correct for transfection efficiencies was pCMVβ.
constructs were also obtained using Huh7 cells (data not shown).
IRF1 and IRF7 activate transcription through the HBV enhancer 1 ISRE/IRE sequence in the context of a minimal promoter
The enhancer 1/X gene promoter ISRE/IRE sequence (Fig. 1A) was examined in the context of a minimal TATA-box element located upstream of the luciferase open reading frame. These synthetic promoter constructs were tested for their transcriptional activities in the HepG2 cell line in the absence or presence of the ectopic expression of IRF1, IRF2, IRF3, IRF7 and IRF9/ p48/ISGF3γ (Fig. 3) . The level of transcription from the minimal promoter construct XpIRE(4)TATALUC, containing four copies of the enhancer 1/X gene promoter ISRE/IRE sequence, was increased ∼25-and 220-fold in the presence of ectopic expression of IRF1 and IRF7, respectively (ratio of relative activities from Fig. 3, 6 .06/0.23 and 52.05/0.23, respectively). IRF2, IRF3 and IRF9/p48/ISGF3g failed to alter the level of transcription from the XpIRE(4)TATALUC construct. Mutation of the enhancer 1/X gene promoter ISRE/ IRE sequence in the construct XpIREmut(4)TATALUC completely inhibited activation of transcription from the minimal promoter by ectopic expression of IRF1 and IRF7 (Fig. 3) . IRF1 and IRF7 activated transcription from the XpIRE(1)TATALUC construct 2-and 6-fold, respectively, demonstrating that modest transcriptional activation by these transcription factors was possible from a minimal promoter containing a single copy of the enhancer 1/X gene promoter ISRE/IRE sequence (ratio of relative activities from Fig. 3,   0 .08/0.04 and 0.24/0.04, respectively). These results demonstrate that the enhancer 1/X gene promoter ISRE/IRE sequence is capable of mediating IRF-dependent transcriptional activation from a minimal promoter construct. The ISG54LUC, ISG15-ISRE(3)TATALUC and p[(AAGTGA)4]5tk∆(-39)lucter constructs demonstrated qualitatively similar responsiveness to ectopic expression of IRF1 and IRF7, confirming that the enhancer 1/ X gene promoter ISRE/IRE sequence can act as an interferon regulatory element in a manner similar to previously characterized ISRE/IRE-containing promoters (37) (38) (39) (40) . Similar results using these constructs were also obtained using Huh7 cells (data not shown).
The HBV enhancer 1 ISRE/IRE sequence does not influence HBV transcription and replication in the context of the viral genome
Using minimal promoter constructs, it was possible to demonstrate that the enhancer 1/X gene promoter ISRE/IRE sequence can mediate activation of transcription by IFNα and the transcription factors ISGF3, IRF1 and IRF7 (Figs 2 and 3) . In contrast, reporter gene constructs containing the complete viral genome and utilizing the large surface antigen promoter (PS1pLUC), the major surface antigen promoter (SpLUC), the enhancer 1/X gene promoter (XpLUC) and the enhancer 2/core promoter (CpLUC) (35), respectively, failed to demonstrate any alteration in the level of transcription in response to treatment with IFNα or ectopic expression of IRF1 and IRF7 (data not shown). Similarly, viral transcription and replication derived from the HBV DNA (4.1 kb) construct (Fig. 1B) was not altered by treatment with IFNα or ectopic expression of IRF1 Figure 3 . Effect of interferon regulatory factors on the HBV enhancer 1/X gene promoter ISRE/IRE in the context of a minimal promoter. The constructs used are as described in Figure 2 . Relative activities of the constructs in HepG2 cells in the absence (pCMV) or presence of ectopically expressed IRF1, IRF2, IRF3, IRF7 and IRF9 using the expression vectors pCMV, pCMVIRF1, pCMVIRF2, pBPSRT1IRF3, pCMVIRF7 and pCMVISGF3γ p48, respectively, are indicated. The transcriptional activities are reported relative to the ISG15-ISRE(3)LUC plasmid in the absence of expression vectors and is designated as having a relative activity of 1.0. The standard deviation of the mean is indicated by an error bar. The internal control used to correct for transfection efficiencies was pCMVβ. and IRF7 (Fig. 4) . Mutation of the enhancer 1/X gene promoter ISRE/IRE sequence in the HBV DNA (4.1 kb) construct, generating the 4.1IREmut construct, reduced the level of the HBV 3.5 kb transcripts and viral replication intermediates 2-4-fold (Fig. 4) . This indicated that this regulatory element contributes to the level of pregenomic RNA expression. As this region of the enhancer 1/X gene promoter has been reported to bind p53 and NF1 in addition to the IRF transcription factors (25,27,50-52), it is reasonable that this element might contribute to the constitutive level of viral replication in HepG2 cells. However, it does not appear to be able to mediate ISGF3-or IRF-dependent alterations in viral transcription in the context of the viral genome (Fig. 4) .
DISCUSSION
Chronic HBV infection is a serious health problem which is commonly treated with interferon therapy (7, 8) . IFN therapy suppresses viral replication and can relieve the clinical symptoms associated with HBV infection (7, 8) . However, IFN therapy does not efficiently resolve chronic HBV infections and the molecular mechanisms of IFN action contributing to the reduction in HBV replication are not well understood (7, 8) . In cell culture systems IFN generally reduces HBV transcription and replication to only a limited extent (27, (53) (54) (55) . This suggests that the mechanism of inhibition of HBV replication observed in vivo may be more complex than those demonstrated in cell culture. This is supported by studies using HBV transgenic mice, where treatment with poly(I)·poly(C), which stimulates IFN synthesis, or direct administration of IFN results in significant inhibition of viral replication (56) . In HBV transgenic mice inhibition of HBV DNA synthesis occurs in the absence of any major effect on viral transcription, suggesting that post-transcriptional mechanisms may be responsible for the reduction in viral replication (56) . The mechanism of the putative post-transcriptional inhibition of viral replication is unknown.
In contrast to the proposed post-transcriptional inhibition of viral replication by IFN in HBV transgenic mice, it has been suggested that IFN might modulate HBV transcription directly by activating ISGF3 or members of the IRF family of transcription factors (25,27). The presence of an ISRE/IRE sequence in the enhancer 1/X gene promoter region of the HBV genome supports this contention (25,27). However, the effect of IFN treatment on the level of transcription from the HBV promoters using reporter gene constructs and greaterthan-genome length HBV DNA constructs capable of supporting viral replication indicated that IFN has a relatively modest effect on viral transcription and replication (25,27). Our analysis supports this suggestion (Fig. 4) . These observations do not appear to support the suggestion that the enhancer 1/X gene promoter ISRE/IRE sequence is a functionally important element capable of responding to IFN signaling in cell culture.
In this study the enhancer 1/X gene promoter ISRE/IRE sequence was also analyzed in the context of a minimal promoter-reporter gene construct (Figs 2 and 3 ). This analysis demostrated that the enhancer 1/X gene promoter ISRE/IRE sequence was capable of responding to IFN treatment in HepG2 cells (Fig. 2) . In addition, ectopic expression of ISGF3 also supported transcription from a minimal promoter construct containing the enhancer 1/X gene promoter ISRE/IRE sequence, indicating that IFN treatment probably mediated its effects by directly activating the ISGF3 transcription factor. The IRF1 and IRF7 transcription factors also increase transcription from the enhancer 1/X gene promoter ISRE/IRE sequence in the context of a minimal promoter element (Fig. 3) . These findings support the previous observations that members of the IRF family of transcription factors can directly bind to the enhancer 1/ X gene promoter ISRE/IRE sequence (25,27). However, it is 
